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Abstract

The (p,n) reaction at intermediate energies has been

used to measure differential cross sections in light nuclei,

to final states characterized with a AJfi- 1+ transfer (GT

states). Experimental ft values for allowed beta-decay

transitions in these nuclei are used to normalize the

strength of the GT transitions in units of B(GT), This

experimental GT strength is compared with predicted shell

model strength. For p-shell nuclei the calculated excitation

energies of the GT strength using Cob+n and Kurath wave-

functions are in general agreement with the empirical GT

distribution. Up to an excitation energy of about 20 MeV,

the total experimental and calculated GT strengths are used

to obtain the quenching factor, QF - XB(GT)exp/ZB(GT)th.It

is found that QF decreases as the shell gets filled-up, The

lowest value seems GO occur for single-hole

decrease mny be explained by configurations

specifically il~(:ludedin the calculations.

nuclei, This

mixing not



1. Introduction

The (p,n) reaction at intermediate energies has been

extensively used to study spin-isospin excitations in nuclei.

It has been reported(l-3) that at zero degree the (p,n)

spectra are dominated by isovector transitions characterized

by the trnnsfer of zero orbital angular momentum (AL - O),

Empi:rtcalproportionality factors are used to relate these

zero degree cross sections to the Fermi (F) and Gamow-Teller

(GT) strengths for the corresponding transitions(~’j, These

GT transitions are used to estimate the total GT strength,

total in the sense of covering the excitation energy range

containing all states with GT strengtl~on the basis of

conventional shell model calculations(5),

The GT states, its strength distribution in nuclei and

the empirically evaluated total ~trength compared to theoret-

ical predictions, has lately received much attention, As it
.

has been reported(3’6) it seems that up to about 20 Me9Jexci-

tation energy the quenching factor (2F- ZB(GT)exp/XB(GT)th is

QF - 0,65 ~ 0,05, This quenching has been interpreted as a

mixing of the GT nuclear excitations with non-nuclcvnic

degrees of freedom(7) while Arim~(8) has stressed the

importance of configuration mixing in these trnnsltions, ~

This p~per prasents a more tietnilodstudy of CT

trans{tl.onsfn Ifght nuclej, In this region final,st.ntes



populated by these transitions are well separated and wave-

functions such as those of Cohen and Kurath (CK) for p-shell

nuclei(g) may be used to obtain transition densities needed

for the comparison between experiment and theory.

?



2. JkSUJCS ~d~alyses

Many of the (pon) transitions studied in p-shell nuclei

are in mirror nuclei. For these nuclei the ground state

mirror transition (Tz - 1/2) is rather simple and ❑ay proceed

either through Fermi or CT transitions. The obsewed ~-decay

strength is an incoherent sum

Fermi matrix element is unity

state to its mirrored state.

probability may be decomposed

of these two components. The

because it transforms a T - 1/2

Thus, the total transition

to obtain the CT matrix element

from the ft value derived from the beta-decay energy and

half-life. A summary and analysis, together with comparisons

with shell-model calculations of the ground state ❑irror

transitions, is presented in Ref. 10. The deduced CT

empirical strength is usually about 50~ of the shell-model

value. Brown and Wildenthal(ll) have reported on

experimental and theoretical GT beta-decay

sol-shellnuclei. Their conclusion is that

the sol-shellthe effective matrix elements

obsetvables for

in the middle of

are quenched by an

overall factor of 0,76 A 0.03 relative to the “free-nucleon”

valueR based on the neutron beta decay. This corresponds to

a quenching of (0,76)Z = 0,58 of the GT strength.

In general and because of ermrgotlcs, beta decay

s
excites only a rather smnll fraction of the total strength

expected from the CT sum rule, TIIUS, RTI(I as has been pointed



out(s), the mode?.dependence of the comparison between

measurements and calculations can be considerably reduced

w’henthe comparison is made

strength, This may be done

intermediate energies which

the GT strength up to about

for a larger fraction of the sum

using (p,n) reaction data at

are extremely suited to obtain

20 MeV excitation energies, The

(p,n) data presented hers were taken using the Indiana

University Cyclotron time-of-flight facility. In all cases,

unless otherwise noted, the measured zero degree (p,n) cross

section in mb/sr, were expressed in units of B(GT) by using

the procedures indicated in Refs. 2-6, In mirror nuclei, the

zero de~ree (p$n) cross sections for the gs + gs transition

was decomposed as an incoherent sum of aGT(OO) and UF(OO)

using the empirical relation(12)

The deduced uCT(OO) value extrapolated to zero momentum

transfer, is used to obtain the proportionality constant tu

its B(GT) value (obtained from fl-decay), For GT transitions

to excited states, Q-dependent corrections are calculated tc]

deduce the corresponding B(GT) values. c

In the next sections results for p-shell nuclei and

sornosol-shellnuclei are presented,



2.1 p-shell nuclei

&-6,7. The 6’7Li(p,n)6$7Be reaction has been measured at

‘P
- 80, 120, 160, and 200 MeV (J. Rapaport et al,,

manuscript in preparation.) The B(GT) values deduced from

the (p,n) data are shown in Fig. 1 and are compared with

calculated B(GT) values using CKWF, set (6-16) 2B ‘9). The

6Li(p,n)6Be(gs) transition carries all the observed GT

strength which is about 80% of the value predicted by the

CKWF, The 7Be(gs,3/2-) and 7Be(0.43 MeV,l/2-) states carry

almost all of the GT strength. Transitions at EX - 7, 9.9

and 16.3 MeV carry a small fraction of the total GT strength.

The total observed strength is about 80% of the predicted

strength using CKWF,

U The 9Be(p,n)9B reaction has been stud]ed at

Ep - 135 MeVby Pugh(13). In Fig. 2 are shown the empirical

and calculated B(GT) values. An empirical XB(GT) - 2.2 has

been estimated (F. Pe~rovich, private communication) which is

about 70% of the predicted CKWF value.

~ The llB(p,n)llC reaction has been studied at 26

MeV(14) and at 160 Mev (T, N, Taddeucci et al., manuscl”iptin

preparation). The spin transfer probabilities have also b(?n

measured at 160 MeV, The conlparisonof B(GT) values are

presented in Fig, 2. !A total GT strength of 3,0 is estima ed

from the data wnich is about 83% of the CKWF value,



12,13,14C(p,n) reactions
A - 12,13,14. The study of the

have been recsntly reported (J. Rapaport et al., manuscript

in prepara~ion). The compariso,~of B(GT) values are

12N(gs) transition carriespresented in Fig. 3. The 12C(p,n)

all the GT strength which agrees very well with the CKWF

predicted value.

The GT strength in the 13C(p,n)13N reaction is

distributed in several states and a sum strength XB(GT) - 1.8

has been estimated. This value is only 46% of the CKWF

predicted value. For 14C the observed total GT strength is

about 60% of the CKWF total strength of 6.0.

u. The 15N(p,n)+ ’150 reaction has been studied at 160

MeV and reported in Ref. 15.

In the assumption that 15N is a simple p-hole shell

nuclei, the GT strength should be concentrated in just two

states: the pi/2 + pi/2 gs mirror transition and a pi/2 +

p3/2 transition with GT strength of 1/3 and 8/3 respectively.

The experimental values show that the p3/2 strength is highly

fragmented and the estimated total GT strength is

XB(GT) - 1,56 compared to a predicted value of 3.0.

The calculated quenchinG factors QF for these nuclei

are presented in Fig. 4, In the top of the figure values for

E
A- landA- 3 (Ref. 10) a.e presented, while the middle “



section has values for p-shell nuclei. An obvious decrease

in QF is noticed as A increases in a given shell.

2.2 Some sd = shell nuclei. We discuss briefly three sd

shell nuclei for which data have been reported.

UL The 19”~(p,n)19Ne reaction has been studied at 120

and 160 MeV(16). As was the case for 6’7Li(p,n)6’7Be

reactions, the beginning of p-shell nuclei, a large part of

the GT strength is concentrated in the mirror transition.

Excited states carry only 15% of the total strength. For

mirror nuclei the sum rule for GT transitions (2) indicates:

‘P- - Sp+- 3(N-Z) - 3

where Sb- is the total (p,n) GT strength

the total (n,p) GT strength. Thus,

expected total (p,n) GT

.

A value ZB(GT)exp

observed strength which

assming SB+ -0”

strength is

‘bile Sp+represents

in this case, the

‘P- -3+

- 1.95 is

iS 65% of

reported for the total

the minimum expected value,

&dL. Experimental results for the 26Mg(p,n)
26A1 ~

reaction, GT strengths and shell model calculations have been



’17) There is good agreement betweenreported by Bloom et al.

the obsemed and calculated excitation energies of CT states

and it is estimated that 52% of the calculated strength is

experimentally obsewed.

~ Results for the 39K(p,n)3gCa reaction studied at

120 and 160 MeV are reported in hef. 16,

Assuming that the target gs wavefunction may be

represented as a ld3,t2proton-hole, only tvc states should

carry the GT strength: the gs d3/2 + d3/2 mirror transition

and the d3/2 * d5/2 transition. The situation is similar to

the A - 15 case. The d5/2 strength ie highly fragmented, a~d

many transitions carry this strength. The total GT strength

estimated from the data up to about 10 MeV excitation energy

is only XB(GT) - 1.1 or 37% of the sum rule predicted value.



3. J70nc1usion~

The ratio of measured XB(GT) over calculated total

shell-model GT strengths are presented in Fig. 4. The trend

observed in lp shell-nuclei seems to be reproduced in the

cases shown for sol-shellnuclei, The value of QF decreases

as A increases in a given shell reaching a rather 10’wvalue

QF - 0.4 for single-hole shell nuclei. For the adjacent

single-particle shell nuclei the value of QF increases

drastically to QF - 0.6.

Medium mass lf7/2 nuclei also follow~ a similar

tendency.
In 48

Ca, a value

was estimated, while in 51V only 63% of the predicted

strength is observed, In another N - 28 isotone nucleus,

near the end of the lf7/2 shell, 54Fe, just 52% of the shell-
.

model estimated strength has been observed(19). By measuring

the 5&Fe(n,p)54Mg reaction, H&usser (O. HAusser, manuscript

in preparation) has been able to estimate a similar QF value.

A possible explanation of this shell closure effect, is

that there is an overall quenching due to non-nucleonic

degrees of freedom that reduce the CT strength to about ~

80-85% (A - 6,7,9,11,48, for exa~ple); however, when



configurations mixing becomes important (A - 13,15,39,54, for

example), they contribute a sizable amount to the calculated

quenching of the GT strength. It should be interesting to

perform calculations to estimate the GT strength in nuclei

near the end of the shell, using a large shell model space

including several Aw and with many particle-many hole

configurations. Ihe predicted strength below 20 MeV

excitation energy could then be compared with tlie present

(20) that u-~n$ a larger shellresults, It is well know,

model space, some of the I.OWlying GT strength gets pushed up

in excitation energy, possibly escaping experimental

observation, I%US, larger QF values for the G1’strength

below 20 MeV are expected.

.
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Figure Captions

Fig. 1, Comparison between observed and calculated GT

6’7Li(p,n)6’7Be reactions,transitions for the The shell

model B(GT) values are obtained using Cohen and Kurath

wavefunctions, set (6-16) 2B (Ref. 9), The use of Kumar

interaction changes slightly the strength distribution,

but not the total sum.

Fig, 2. Same as in Fig, 1 except for the 9Be(p,n)9B and

llB(p,n)11C reactions,

Fig, 3. Same as in Fig. 1 except for the

~2,13,14C(P,n)12113~14N reactions,

Fig, 4. Quenching factor QF, obtained dividing the total

observed GT strength by the total.calculated GT strength.

Note that the total calculated strength is concentrated below

20 MeV excitation oner~y, as it is the observed CT strength,

c
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